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1 . A clock synchronizer circuit to provide an internal clock signal for an 



integrated circuit that is synchronized to an external system clock signal, 
such that said internal clock signal is aligned with and has minimal skew from 
said external system clock signal, whereby said clock synchronizer circuit is 
comprising: 

a plurality of serially connected delaying means to receive said 

external system clock signal and delay said external system clock 
signal by an incremental period of delay; 

a plurality of frequency divider means, whereby a first frequency 
divider means receives said external system clock signal and 
divides a frequency of said external system clock signal by a 
dividing factor and each remaining frequency divider means is 
connected to an output of one of the serially connected delaying 
means to divide a delayed external system clock signal by said 
dividing factor providing a plurality of divided external system clock 
signals; 

a plurality of clock synchronization delay means, whereby each clock 
synchronization delay means is connected to one of the plurality of 
frequency divider means to synchronized each divided external 
system clock signal to the external system clock signal; and 

a logical combining means to combine the synchronize, divided 
external system clock signals to form said internal clock signal. 
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2. The clock synchronizer circuit of claim 1 wherein said incremental period 
of delay is equal to a period of one cycle of said external system clock 
signal. 



3. The clock synchronizer circuit of claim 1 \Atierein the number serially 
connected delaying means is one less than said dividing factor. 



4. The clock synchronizer circuit of claim 1 \A/herein the number of frequency 
10 divider means is equal to the dividing factor. 



5. The clock synchronizer circuit of claim 1 \A/herein each clock 

synchronization delay meians is a synchronous mirror delay circuit. 

15 6. The clock synchronizer circuit of claim 5 wherein the synchronous mirror 
delay circuit is comprising: 

a buffer circuit connected to one of the frequency divider means to 
buffer, amplify and delay one of the delayed and divided external 
timing signals to create a first timing signal; 
20 a fixed delay circuit connected to the buffer circuit to delay the first 

timing signal by a circuit delay factor that is a sum of a first delay 
factor and a second delay factor, whereby said first delay factor is 
a delay time of the frequency divider means and the buffer circuit; 
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a forward delay circuit to measure a difference time period that is the 

circuit delay factor subtracted from the period of the delayed and 

divided external timing signal; 
a mirror delay circuit connected to the forward delay circuit and the 

buffer circuit to delay the first timing signal by the difference time 

period to create a second timing signal; and 
an internal buffer circuit connected to the mirror delay circuit to 

amplify, delay the second timing signal to create the synchronized, 

divided external system clock signal whereby a delay time of said 

internal buffer circuit is the second delay factor. 



7, The clock synchronizer circuit of claim 1 wherein said integrated circuit is 



a synchronous dynamic random access memory and said internal clock 
controls a transfer of digital data to and from said synchronous dynamic 
random access memory. 

8. The clock synchronizer circuit of claim, 1 wherein the dividing factor is two. 

9. The clock synchronizer circuit of claim 8 wherein the internal clock signal 
is synchronized with the external system clock signal after four periods of 
said external system clock signal. 




ETRON99-006 




10. A clock synchronizer circuit to provide an internal clock signal for an 

integrated circuit that is synchronized to an external system clock signal, 
such that said internal clock signal is aligned vAih and has minimal skew 
from said external system clock signal, whereby said clock synchronizer 
circuit is comprising: 

a frequency divider means that receives said external system clock 
signal and divides its frequency by a dividing factor to form a 
divided external clock signal; 
a plurality of senaliy connected delaying means, whereby a first 
delaying means is connected to the frequency divider means to 
receive the divided external clock signal, and each delaying means 
delays said delayed external clock signal by an incremental period 
of delay to form a plurality of delayed and divided external clock 
signals.; 

a plurality of clock synchronization delay means, whereby a first clock 
synchronization delay means is connected to frequency divider 
means and each remaining clock synchronization delay means is 
connected to one of the plurality of serially connected delaying 
means to synchronize each delayed and divided external clock 
signal to the external system clock signal; and 

a logical combining means to combine the synchronized, delayed and 
divided external clock signals to form said internal clock signal. 
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1 1 . The clock synchronizer circuit of claim 10 wherein said incremental period 
of delay is equal to a period of one cycle of said external system clock 
signal. 

12. The clock synchronizer circuit of claim 10 wherein the number serially 
connected delaying means is one less than said dividing factor. 

1 3. The clock synchronizer circuit of claim 1 0 wherein each clock 
synchronization delay means is a synchronous mirror delay circuit. 

1 4. The dock synchronizer circuit of claim 1 3 wherein the synchronous mirror 
delay circuit is comprising: 

a buffer circuit connected to one of the frequency divider means to 
buffer, amplify and delay one of the delayed and divided external 
timing signals to create a first timing signal; 

a fixed delay circuit connected to the buffer circuit to delay the first 
timing signal by a circuit delay factor that is a sum of a first delay 
factor and a second delay factor, whereby said first delay factor is 
a delay time of the frequency divider means and the buffer circuit; 

a forward delay circuit to measure a difference time period that is the 
circuit delay factor subtracted from the period of the delayed and 
divided external timing signal; 
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a mirror delay circuit connected to the forward delay circuit and the 
buffer circuit to delay the first timing signal by the difference time 
period to create each synchronized, delayed and divided external 
clock signal; and 

an internal buffer circuit connected to the logical combining means to 
amplify and delay the internal clock signal \A/tiereby a delay time of 
said internal buffer circuit and the logical combining means is the 
second delay factor. 

15. The clock synchronizer circuit of claim 10 wherein said integrated circuit 
is a synchronous dynamic random access memory and said internal clock 
controls a transfer of digital data to and from said synchronous dynamic 
random access memory. 

16. The clock synchronizer circuit of claim 10 wherein the dividing factor is 



1 7. The clock synchronizer circuit of claim 1 6 wherein the internal clock 
signal is synchronized v\^th the external system clock signal after four 
periods of said external system clock signal. 



\ 



two. 




syncbfironous dynamic random access memory to retain digital data, 
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a clock generator circuit connected between an external system clock 
distltibution circuit and a plurality of banks of arrays of memory 
cellsx an address circuit, a command circuit, a data control circuit, 
and aVlata input/output buffer to provide a timing signal to 
synchronize operation of said synchronous dynamic random 
access memory, \A^ereby certain operations must occur in time 
with minimal deviation from said an external system clock signal 
and whereby said clock generator includes at least one clock 
synchronizer circuit, comprising; 

a plurality of serially connected delaying means to receive said 
external system clock signal and delay said external system 
cloak signal by an incremental period of delay; 
a plurality of frequency divider means, whereby a first 

frequency divider means receives said external system clock 
signal and divrcf^ a frequency of said external system clock 
signal\by f divifling factor and each remaining frequency 
dividerimians ife connected to an output of one of the 
serially|cqnnec/tQd delaying means to divide a delayed 
externa\ system clock signal by said dividing factor providing 
a pluraliW of divided external system dock signals; 
a plurality ofAclock synchronization delay means, whereby each 
clock synohronization delay means is connected to one of 
the plurality of frequency divider means to synchronized 
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each divide^ external system clock signal to the external 
system clock signal; and 
logical combining means to combine the synchronized, 
divided external system^lock signal to form said internal . 

-AClodc sjgn^i:^ ''^ ' 

.\ . • • ' 

1.9,t^n5'he c 18\A/herein said incremental period 

of delay is <3qual to a period of 6he cycle of said external system clock 



signal: . 



20. The clock s /nchrdnizer circuit of claim 1 8 \A4ierein the number serially 
connected del^dyiog means is one less than said dividing factor. 



21 . The clock synchro of claim 18 wherein the number of 



frequency di 



/iderfmeens is equal to the dividing factor. 



delay circuit 



synch 



Jniz^i^^cir^ of claim 18 wherein each clock 



22. The clock 

synchronizaton delay means is a synchronous mirror delay circuit. 



23. . The clock $yi|iehronizer circuit of claim 22 wherein the synchronous mirror 

comprising: 
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a buffer circuit connected to one of the frequency divider means to 

1 

buffer, amplify and delay one of the delayed and divided external 

timi ng signals to create a first timing signal; 
a fixed delay circuit connected to the buffer circuit to delay the first 

timing signal by a circuit delay factor that is a sum of a first delay 

factor and a second delay factor, whereby said fifst delay factor is 

a delay time of the frequency divider means and the buffer circuit; 
a forward delay circuit to measure a difference time period that is the 

circuit delay factor subtracted from the period of the delayed and 

divid 3d external timing signal; 
a mirror jelay circuit connected to the forward delay circuit and the 

buffer circuit to delay the first timing signal by the difference time 

period to create a second timing signal; and 
an intern al buffer circuit connected to the mirror delay circuit to- 

ampliiy, dejpy the second timing signal to create the internal cl^ck 



signa 



secor d de lay fact )r. 



wh( 



elay time of said internal buffer circuit is the 




The clock synchronizer circuit^ claim 18 wheteiri said integrated c-ircuitC; 
is a synchronous dynamic random access memory, and said internal clock 
controls a transfer of digital data to and from said synchronous dynamic 
random access memory. 
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25. The clock synchronizer circuit of claim 18 \A/herein the dividing factor is 
two. ^ 



26. The clock\ 



:hronizer circuit of clailri 26 wherein the internal clock 



signal is s^hchronized with the external system clock signal after four 
periods of said external system clock signal. 




27. A synchronoL\s dynamic random access memory to retain digital data, 
O comprising: 

% 10 a clock generator circuit connected between an external system clock 

Cj distribution circuit and a plurality of banks of arrays of memory 

cells, an address circuit, a command circuit, a data control circuit, 
and a datalinput/output buffer to provide a timing signal to 
synchronize operationNDf said synchronous dynamic random 
access menpoi^, whereby certain operations must occur in time 
with minimaHd^viationifrom said an external system clock signal 
and wherebv\saYd cloc\generator includes at least one clock 
synchronizer circuitTxompl^^ 

a frequence divider means that receives said external system 
20 clock sigraal and divides its frequency by a dividing factor to 

form a divraed external clock signal; 
a plurality of serially connected delaying means, whereby a first 
delaying means is connected to the frequency divider 
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28. 



» 



me^ns to receive the divided external clock signal, and each 
delaying means delays said delayed external clock signal by 



an 



incremental period of delay to form a plurality of delayed 



and divided external clock signals.; 
a plurality of clock synchronization delay means, whereby a first 
clock synclnronization delay means is connected to 
freqiiency divifler means and each remaining clock 

synchronization delay means is connected to one of the ^ 

1 ' * 

plura ity of serially connected delaying means to 
synchronize each delayed and divided external clock signal 
to thd external system clock signal; and 
a logical bombining means to combine the synchronized, ^ 
delayed and divided external clock signals to form said^'. • 
internal clock signal. , . ' 



The cfoek synchronizer ciro 
of delay is equal to q perioc 
signal. 




27 wherein said incremental period 
ycle of said external system clock 




29. The clock synchronizer circuit of claim 2.7 wherein the number serially 
connected delaying means is one less than said dividing factor. 



.1 
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30, Trae clock ^ync;|nronizer circuit of claim 27 \A/herein each clock 

synchronization idelay means is a synchronous mirror delay circuit. 



31. 



10 




20 



The pock synchronizer circuit of claim 30 wherein the synchronous mirror 
delav[ qircuit is comprising: 

a .puffer circuit connected to one of the frequency divider means to 
uffer, amplify and delay one of the delayed and divided external 
ming signals to create a first timing signal; 
a fixed delay circuit connected to the buffer circuit to delay the first 
timing signal by a circuit delay factor that is a sum of a first delay 
fdctor and a second delay factor, whereby said first delay factor is 
a belay time of the frequency divider means and the buffer circuit; 
a foHAjard delay circuit to measure a difference time period that is the 
circuit delay factor subtracted from the period of the delayed and 
divided externaKir^ing signal; 
a mirrqr delay cif/cuit ci(onnected to the forward delay circuit and the 
bufHer circuit/ to dalay the first timing signal by the difference time 
period to creare ea\h synchronized, delayed and divided external 
clock signal; and 

an internal buffer circuit connected to the logical combining means to 
ampljiy and delay the internal clock signal whereby a delay time of 

said i iternal buffer circuit and the logical -combining means is the 

/ 

second delay factor. 



43 



£IEQN99-006 



• 



The clock synchronizer circuit of claim 27 \A/herein said integrated circuit 
is a synchronous dynamic random access memory and said internal clock 
controls a transfer of digital data to and from said synchronous dynamic 
random access memory. 



33. the cloc)('synisjironi2er circuit of claim 27 NA/herein the dividing factor is 
tvio. 

34. The clock synchronizer circuit of claim 33 wherein the internal clock 
signal is synchronized with the external system clock signal after four 
perils of said external system clock signal. 



35. A method for generating an internal clock signal for an integrated circuit 
that is synchronized to an external system clock, such that said internal 
clock signal is aligned with and has minimal skew from said external 
system clock signal whereby said method is comprising the steps of: 
acquiring said external system clock signal; 
generating a plurality of delayed, submultiple clock signals; 
synchronizing by delaying each of said plurality of delayed submultiple 
clock signals to the external system clock to form a plurality of 
synchronized submultiple clocks; and 
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logically combining said plurality of synchronized submultiple clocks to 
form the internal clock. 

36. The method of claim 35 wherein generating the plurality of delayed, 
submultiple clock signals; by the steps of. 

dividing a frequency of the external system clock by a dividing 
factor, and 

delaying each of said divided system clock signals sequentially 
by an incremental amount; 

37. The method of claim 35 vvherein generating the plurality of delayed, 
submultiple clock signals; by the steps of: 



delaying each of said external system clock signals sequentially 
by an incremental amount to form a plurality of delayed 
external system clock signals; and 

dividing a frequency of the plurality of delayed external system 
clock signals by a dividing factor. 



38. The method of claim 37 wherein the incremental amount is equal to a 
period of the external system clock. 

39. The method of claim 38 wherein the incremental amount is equal to a 
period of the external system clock. 
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40. The method of claim 35 wherein the number of delayed submultiple clock 
signals is equal to the dividing factor 



41 . The method of claim 35 >A/herein synchronizing by delaying comprises the 
steps of: 



generating a first timing signal by the steps of buffering, amplifying 

and delaying said delayed submultiple clock; 
generating a second timing signal by the step of delaying the first 

timing signal by a fixed delay factor, \A4iereby said fixed delay 

factor is a sum of a first delay factor and a second delay factor, 

\A/herein said first delay factor is a time required for generating said 

first timing signal and said second timing signal; 
measuring a difference time between the period of the first timing 

signal and the fixed delay factor 
generating a third timing signal by the step of delaying the first timing 

signal by said difference time; and 
generating each synchronized submultiple clock by the steps of 

delaying the second timing signal by the second delay factor and 

amplifying said delayed second timing signal. 



42. The method of claim 35 wherein said integrated circuit is a synchronous 
dynamic random access memory and said internal clock controls a 
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transfer of digital data to and from said synchronous dynamic random 
access memory. 



43. The method of claim 36 wherein the number of delayed, submultiple 
clocks is two. 



44- The method of claim 37 wherein the delayed, submultiple clocks is two. 



45. The method of claim 43 wherein the internal clock signal is synchronized 
with the external system clock signal after four periods of said external 
system clock. 



46. The method of claim 44 wherein the internal clock signal is synchronized 
with the external system clock signal after four periods of said external 
system clock. 




